Outbreaks of water-borne fungal infections of fish, amphibians, and reptiles are a common problem, espe cially in fish farms and hatcheries.
Of particular con cern is saprolegniasis, which is an infectious fungal disease spreading in all stages of life cycle of fish. The disease causes serious losses in fish farms and hatcher ies, especially among salmonid species. Pathogenic members of the genus Saprolegnia are the causative agents of such infections (Neish and Hughes, 1980; Hatai and Hoshiai ,1992; Hussein and Hatai, 1999) .
Much work has been devoted to the examination of various types of fungicidal agents and their effects either on aquatic animals or on the environment. Malachite green and formalin are the most potent fish fungicides although they have an acute impact on aquatic ecosys tems (Willoughby and Roberts, 1992; Schreier et al., 1996) . Other problems with these substances include an immunosuppressive effect on repeatedly treated fish (Prost and Sopinska, 1989) , teratogenic effects (Meyer and Jorgenson, 1983) , and hazardous residues in the fish tissue (Kitancharoen et al., 1997) . For these rea sons, many researchers have been investigating the use of safer compounds that have no harmful effect either on fish and their eggs or on ecosystems (Prabhuji et al., 1983; Perrucci et al., 1995; Kitancharoen et al., 1997; Barnes et al., 1998; Hussein et al., 2000) . However, while attempts are being made to identify new antifungal agents against Saprolegnia, biological control of this organism has received little attention (Hatai and Willoughby, 1988) . Recently, biocontrol, which exploits the interaction of microorganisms to repress the growth of deleterious microbes or pathogens (Maeda, 1994) , has been receiv ing increased attention. Lesions of Saprolegnia grow ing on fish have many associated bacteria, and microbial interactions may explain why some fish recover naturally from saprolegniasis.
Therefore the present study was conducted to investigate the anti-Saprolegnia activity of some bacteria isolated from the lesions with Saprolegnia in salmonid fish. We also examined culture media for these bacte ria that were effective in enhancing the activity. 
Results
Isolation and screening of fungistatic activity of the isolated bacteria Forty-seven bacterial strains were isolated from the lesions of saprolegniasis on the fish. Twenty-six of these strains were from Hokkaido, 14 were from Yamanashi Prefecture, and 7 from Nagano Prefecture. Five of these strains strongly inhibited the growth of the Saprolegnia spp. tested on HI agar medium. Of these five strains, three (M0006, M0014, and M0029) were isolated from masu salmon in Hokkaido, late January 2000 and two (M0016, M0003) were isolated from rainbow trout in Yamanashi Prefecture, mid. February 2000.
Effect of the culture medium on inhibitory activity of the isolated bacteria
The five selected strains that revealed an inhibitory activity against Saprolegnia spp. were tested for their inhibitory activity on different media. On BHI, HI and to a lesser extent NA agar media, all but one of the 5 strains showed a strong fungistatic activity in comparison with the other media (Table 1, Fig. 2 ). The exception was strain M0006, which showed strong activity on PWA medium. Identification of selected bacterial isolates Morphological and biochemical characteristics of the 5 bacterial strains that had a fungistatic activity are shown in Table 2 . These characteristics match those of the genera Altermonas, Pseudomonas, and Aeromonas. According to the above-mentioned textbooks strains M0003, M0006, M0014, M0016, and M0029 were identified as Altermonas sp., Pseudomonas alcaligenes, P. saccharophila, Aeromonas caviae, and Aer. eucrenophlia, respectively.
Discussion
The value of probiotics has come to be appreciated as an alternative to chemotherapeutics in disease control (Austin et al., 1995; Riquelme et al., 1996) . Our results indicate that microbial interactions are present in the lesions with Saprolegnia growing on fish. However, only 5 out of 47 bacterial strains inhibited the hyphal growth of Saprolegnia strains tested.
Among these strains two, designated M0006 and M0014, were identified as P. alcaligenes and P. saccharophila. Previous reports showed that pseudomonads act as antagonists of pathogenic microorganisms for fish. Hatai and Willoughby (1988) reported that P. fluorescens isolated from diseased rainbow trout could inhibit S. parasitica. Similarly, P. fluorescens isolated from commercial catfish ponds during winter could inhibit six strains of Saprolegnia isolated from moribund catfish (Bly et al., 1997) . Two strains, designated M0016 and M0029, were found to belong to the genus Aeromonas and were identified as A. caviae and A. eucrenophlia.
Some of Aeromonas spp. in the lesions with Saprolegnia on fish may be the primary cause of saprolegniasis;
i. e, Saprolegnia may occur as a secondary opportunistic pathogen (Post, 1987) . However, as demonstrated here, some species or strains of Aeromonas inhibited the growth of Saprolegnia on solid media. Gibson et al. (1998) suggested that Aeromonas media reduces the mortality of oyster larvae challenged with Vibrio tubiashii through production of a vibriocidal agent. The fifth strain, designated M0003, belongs to the genus Alteromonas but was not identified to the species because it failed to match exactly any established species of the genus. Although Alteromonas spp. are considered to be marine bacteria (Holt et al., 1994) , we believe that our Alteromonas strain has been acclimatized to live in freshwater.
The experiments conducted with cell-free supernatants of all selected strains revealed no inhibitory activity against the tested fungi (data not shown). However, bacterial colonies on solid media, particularly BHI, HI, and to a lesser extent NA media, showed a strong inhibitory activity. For production of antifungal factor (s) by the selected bacteria, the bacteria seem to have essential requirement (s) that may be provided by BHI, HI and NA agar media, because on these three media, there was clear inhibition of the tested Saprolegnia. How ever, Vibrio anguillarum and Aeromonas hydrophila were resistant to some antibiotic-producing marine bac teria in liquid media but were inhibited by the same bac teria on solid media (Dopazo et al. 1988) . The bacteria that we isolated in this study may live as symbionts either in the water and/or on the fish, and they may pro tect the fish, or help the fish recover, from Saprolegnia infection through producing one or more antifungal agents.
In general, the selected bacteria appear to be natu ral competitors of Saprolegia, and may be used for biocontrol of Saprolegnia in aquaculture.
However, a potential problem with using live bacteria for biocontrol is that the bacteria themselves may cause disease(s) in fish. In view of this, further studies on the pathogenicity and suitability of using these bacteria in biocontrol, and on the determination and separation of the antifungal factor(s) are necessary.
